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© Particle analyzer and a system utilizing the same. 

© A particle analyzer which comprises a constrict- 
ed passage for the passage of fine particles con- 
tained in a suspension therethrough for isolation, 
upstream and downstream passages communicated 
with the constricted passage and positioned on up- 
stream and downstream sides of the constricted 
passage with respect to the direction of flow of the 
suspension, a detector including upstream and 

a downstream electrodes disposed in the upstream 
and downstream passages, respectively, so as to 
^confront with each other for detecting the fine par- 
otides being passed through the constricted passage, 
^f*and a cleansing passage communicated with either 
IQOne of the upstream and downstream passages for 
f^the supply of a cleansing liquid. 
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PARTICLE ANALYZER AND A SYSTEM UTILIZING THE SAME 



BACKGROUND OF THE INVENTION 

(Field of the Invention) 

The present invention generally relates to a 
particle analysis and, more particularly, to a particle 
analyzer for individually separating and then inject- 
ing fine particles contained in a suspension or 
solution. The present invention also relates to a 
system utilizing the particle analyzer. 



(Description of the Prior Art) 

As a device designed to individually separate 
fine particles contained In a suspension and for 
counting the number of the fine particles, a particle 
analyzer of a construction shown in Fig. 10 of the 
accompanying drawings has long been well known 
in the art. 

Referring to Fig. 10 for the discussion of the 
prior art, the particle analyzer 13 shown therein 
comprises a constricted passage 1 for the passage 
of the individual fine particles 6 and having up- 
stream and downstream passages 2 and 3 commu- 
nicated with the constricted passage 1 and posi- 
tioned on respective sides of the constricted pas- 
sage 1 with respect to the direction of flow of the 
suspension. The particle analyzer 13 also com- 
prises upstream and down-stream electrodes 4 and 

5 disposed inside the upstream and downstream 
passages 2 and 3, respectively. 

in this construction, when the suspension 30 
containing the fine particles 6 is allowed to flow in 
a direction shown in the arrow A, the fine particles 

6 can be individually separated and, therefore, 
change in impedance between the upstream and 
downstream electrodes 4 and 5 can be detected, if 
the frequency of change in impedance is subse- 
quently counted, the number of the fine particles 6 
can be counted. 

In other words, according to the prior art, a 
voltage is monitored when a predetermined electric 
current is supplied across the electrodes 4 and 5 f 
but an electric current is monitored when a pre- 
determined voltage is applied to the electrodes 4 
and 5. Since the impedance across the electrodes 
4 and 5 depends on internal conditions of the 
constricted passage 1 and external conditions in 
the vicinity of the constricted passage 1, the im- 
pedance undergoes change each time the fine 
particles pass through the constricted passage, 
which change can be detected in the form of 
pulses, the number of pulses representing the 



number of the fine particles having passed through 
the constricted passage 1 . 

After the number of the fine particles has been 
detected in the manner as hereinabove described 

s with the use of the particle analyzer 13, and when 
the fine particles contained in the detected suspen- 
sion are to be injected into suitable containers, the 
containers are to be arranged immediately beneath 
the downstream passage 3. While the containers 

w are conveyed successively past a position imme- 
diately beneath the downstream passage 3, a pre- 
determined number of the fine particles is injected 
into each container. 

However, the prior art particle analyzer and the 

15 prior art system utilizing such particle analyzer 
have been found having the following problems, 
particularly when the fine particles are continuously 
separated and injected with the use of the prior art 
particle analyzer. 

20 a) Some of the fine particles separated and 

injected during the previous cycle tend to be left 
within the flow system including the constricted 
passage and the upstream and downstream pas- 
sages. The fine particles so left within the flow 

25 system will be flushed out with the fine particles 
allowed to flow during the subsequent cycle and, 
therefore, the fine particies different in number 
from the required number tends to be injected. 

b) Where the concentration of the fine par- 
30 tides in the suspension is high, the individual sepa- 
ration of the fine particles is difficult to achieve 
because the fine particies continuously pass 
through the constricted passage, and, therefore, the 
number of pulses generated will not accurately 

35 coincide with the number of the fine particles 
counted. 

This problem may be substantially alleviated if 
the suspension is diluted before the detection and 
counting are performed, however, the time required 
40 to perform the detection and the counting will be 
prolonged and a time-consuming and complicated 
handling procedures will be required. 

c) Since a predetermined electric current is 
applied to the electrodes 4 and 5 within the up- 

45 stream and downstream passages 3 and 4, hy- 
drolysis tends to occur accompanied by the pro- 
duction of hydrogen gas which subsequently forms * 
bubbles. As the bubbles of hydrogen gas pass 
through the constricted passage 1, and if the bur> 

50 bies are of a size comparable to the size of the fine 
particles, the bubbles will be erroneously taken as 
the fine particles, resulting in a detection error. 
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SUMMARY OF THE INVENTION 

Accordingly, the present invention has been 
devised with a view to substantially eliminating the 
above discussed problems inherent in the prior art 
particle analyzer and the prior art system utilizing 
the existing particle analyzer and has for its essen- 
tial object to provide an improved particle analyzer 
capable of accurately separating and injecting fine 
particles in the suspension even when the fine 
particles are continuously supplied so as to flow 
through the particle analyzer. 

Another important object of the present inven- 
tion is to provide an improved particle analyzing 
system utilizing the improved particle analyzer of 
the type referred to above. 

According to the present invention, there is 
provided a particle analyzer which comprises a 
constricted passage means for the passage of fine 
particles contained in a suspension therethrough 
for isolation; upstream and downstream passage 
means communicated with the constricted passage 
means and positioned on upstream and down- 
stream sides of the constricted passage means 
with respect to the direction of flow of the suspen- 
sion; a detecting means including upstream and 
downstream electrodes disposed in the upstream 
and downstream passage means, respectively, so 
as to confront with each other for detecting the fine 
particles being passed through the constricted pas- 
sage means; and a cleansing passage means com- 
municated with either one of the upstream and 
downstream passage means for the supply of a 
cleansing liquid. 

According to the present invention, there is 
also provided a particle analyzing system which 
comprises the particle analyzer; a container for 
accommodating the suspension and communicated 
with the upstream passage, said suspension being 
supplied to the particle analyzer by means of a 
valving operation; a discharge piping leading from 
the downstream passage means to a discharge 
port and having a valve disposed thereon for con- 
trolling the discharge of the suspension which has 
flowed through the constricted passage means; a 
cleansing liquid supply piping extending from a 
source of the cleansing liquid to the cleansing 
passage means and having a valve disposed there- 
on for controlling the supply of the cleansing liquid; 
and a sensor included in the detecting means for 
detecting the change in impedance between the 
upstream and downstream electrodes. 

In the practice of the present invention, the 
particle analyzer may have a diluting liquid pas- 
sage means communicated with the upstream pas- 
sage means for supplying a diluting liquid for the 
dilution of the suspension. 

With this construction according to the present 



invention, even when the concentration of the fine 
particle in the suspension or solution is high, the 
fine particles can be accurately, easily and quickly 
separated and injected. Also, the detection of the 
fine particles can be accomplished without being 
disturbed by bubbles of hydrogen gas which is 
generated as a result of hydrolysis of water. 



w DESCRIPTION OF THE EMBODIMENTS 

Before the description of the present invention 
proceeds, it is to be noted that like parts are 
designated by like reference numerals throughout 
75 the accompanying drawings. 



(Embodiment I) 

20 Referring to Figs, 1{a) to 1(c) illustrating a first 

preferred embodiment of the present invention, a 
particle analyzer disclosed therein and generally 
identified by 13A is so designed and so con- 
structed as to isolate or separate particles in sus- 

25 pension and also to count the number of the par- 
ticles for the subsequent fraction of the particles. 
The illustrated particle analyzer 13A comprises a 
solid block having defined therein a generally elon- 
gated constricted passage 1 for the' passage of fine 

30 particles in suspension therethrough for isolation, 
said constricted passage 1 having its opposite end 
communicated respectively with upstream and 
downstream passages 2 and 3, and a cleansing 
passage 7 having one end communicated to a 

35 source of cleansing liquid and the other commu- 
nicated with the downstream passage 3 adjacent 
the constricted passage 2. Each of the downstream 
passage 3 and the cleansing passage 7 has a 
diameter at least twice the diameter of the con- 

40 stricted passage 2 such that the suspension con- 
taining the fine particles can be passed efficiently. 
If the diameter of each of the downstream passage 
3 and the cleansing passage 7 is smaller than 
twice the diameter of the constricted passage 2, a 

45 relatively large resistance will act on the flow of the 
suspension. 

The constricted passage 2 is so sized as to 
have a diameter within the range of 2 to 20 times 
the particle size of the fine particles to be ana- 
50 iyzed. Should the diameter of the constricted pas- 
sage 2 is smaller than the lower limit, the fine 
particles cannot be passed efficiently with no dif- 
ficulties and no change in impedance required for 
the detection will be observed. 

55 
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(Embodiment II) 

Referring to Fig. 2, there is shown a particle 
analyzing system utilizing the particle analyzer 13A 
of the construction shown in and described with 
reference to Figs. 1(a) to 1(c). The particle analyz- 
ing system is generally identified by 37 includes a 
supply piping 21-1 connecting the upstream pas- 
sage 2 of the particle analyzer 13A to a tank 29 
filled with a quantity of the suspension 30 contain- 
ing the particles 6 to be analyzed and fractioned. 
The tank 29 is of a type substantially sealed after 
the quantity of the suspension 30 has been 
charged, such that, when an electromagnetic valve 
22 disposed on a line extending between the tank 
29 and a pump 28 is opened, a gaseous medium 
pressurized by the pump 23 can be supplied via 
the electromagnetic valve 22 into the tank 29 to 
urge the solution 30 to flow towards the particle 
analyzer 13A through the supply piping 21-1. The 
solution so urged subsequently flows through the 
constricted passage 1 through the upstream pas- 
sage 2 in the particle analyzer 13A. 

The particle analyzer 13A has, as shown in 
Figs. 1(a) and 1(b), upstream and downstream 
electrodes 4 and 5 which are electrically connected 
with an impedance sensor 25 so designed and so 
operable as to detect the fine particles in terms of 
the amount of change in impedance which occurs 
as a result of the passage of the fine particles 
through the constricted passage 1 . 

The downstream passage 3 is fluid-coupled 
with an electromagnetic valve 23 which is in turn 
fluid-coupled with a discharge line disposed imme- 
diately above a collecting vessel 36. The elec- 
tromagnetic valve 23 is so operable as to allow a 
controlled quantity of the suspension, which has 
flowed through the constricted passage 1, to be 
injected into the collecting vessel 36 through the 
discharge line when it is opened, but as to retain 
the suspension within the system between the 
electromagnetic valve 23 and the tank 29 when and 
so long as it is closed. 

The cleansing passage 7 shown in and de- 
scribed with reference to Figs. 1 (a) to 1 (c) is com- 
municated with a source of cleansing liquid through 
a liquid piping 21-3 having an electromagnetic 
valve 24 and a rotary pump 31 both disposed on 
such liquid piping 21-3. The source of cleansing 
liquid is, in the instance as shown, constituted by a 
liquid vessel 32 containing a quantity of cleansing 
liquid 33. The electromagnetic valve 24 when 
opened while the rotary pump 31 is in operation 
allows the cleansing liquid to be supplied into the 
cleansing passage 7. 

The electromagnetic valves 22, 23 and 24 used 
in the system of Fig. 2 are controlled in a predeter- 
mined sequence by commands issued from a con- 



troller 26 which is operated in response to an 
output signal generated from the sensor 25. 

When the particles in the suspension are de- 
sired to be detected with the particle analyzing 

5 system 37, the electromagnetic valve 22 is opened 
and. on the other hand, the pump 28 is operated to 
apply a gas pressure to the suspension 30 within 
the tank 29. The application of the gas pressure 
thus causes the suspension 30 to flow towards the 

w particle analyzer 13A through the supply piping 21- 
i and then towards the collecting vessel 36 through 
the discharge piping 21-2 after having passed 
through the constricted passage 1 in the particle 
analyzer 13A. At this time, the electromagnetic 

75 valve 23 is also opened to allow the suspension 
which has flowed through the constricted passage 
1 to flow therethrough towards the collecting vessel 
36. The electromagnetic valve 24 is, however, 
closed during the flow of the suspension through 

20 the particle analyzer 13A. 

As the particles contained in the suspension 
pass through the constricted passage 1 . the sensor 
25 detects the change in impedance and generates 
a detection output signal which is in turn applied to 

25 the controller 26. In response to the output signal 
from the sensor 25, the controller 26 issues dis- 
abling commands to the electromagnetic valves 22 
and 23, respectively. The electromagnetic valves 
22 and 23 are closed in response to the respective 

30 disabling commands from the controller 26, there- 
by interrupting the supply of the suspension 30 
through the particle analyzer 13A. When the elec- 
tromagnetic valves 23 and 24 are subsequently 
opened while the electromagnetic valve 22 remains 

as closed, the operation of the rotary pump 31 causes 
the cleansing liquid 33 to be supplied from the 
liquid vessel 32 towards the particle analyzer 13A 
through the electromagnetic valve 24 by way of the 
liquid piping 21-3 and. then, through the cleansing 

40 passage 7 into the downstream passage 3 while 
purging into the collecting vessel 36 the fine par- 
ticles which have passed through the constricted 
passage 1. Where the fine particles are desired to 
be individually collected each in one vessel, a row 

45 of vessels 36 should be conveyed to a position 
immediately below the discharge piping 21-2 and, 
for this purpose, a conveyor carrying the vessels 
36 may be controlled in dependence on the output 
signal generated from the sensor 25. 

so In the embodiment shown in Fig. 2, the supply 

of the suspension 30 and the cleansing liquid 33 to 
the upstream passage 2 in the particle analyzer 
13A has been shown and described as controlled 
by the use of the separate electromagnetic valves 

55 22 and 24. However, a variant of the particle ana- 
lyzing system shown by 37A in Fig. 4, a single 
electromagnetic valve is employed for controlling 
the supply of the suspension 30 and the cleansing 
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liquid 33. 

Referring now to Figs. 3 and 4, the single 
electromagnetic valve referred to above is iden- 
tified by 22a and is in the form of a three-way 
electromagnetic valve having three ports which are 
fluid-connected with the supply piping 21-1, the 
liquid piping 21-3 and the upstream passage 2. 
respectively. The electromagnetic valve 22a has 
first and second operative positions; said electro- 
magnetic valve 22a is in position to communicate 
the supply piping 21-1 with the upstream passage 
2, when in the first operative position, and in posi- 
tion to communicate the liquid piping 21-3 with the 
upstream passage 2 when in the second operative 
position. Instead of the use of the separate pumps 
28 and 31. the tank 29 and the vessel 32 are so 
designed as to be simultaneously pressurized by 
the supply of a pressurized N 2 gas from a common 
source of N 2 gas (not shown). Thus, it will readily 
be understood that, depending on the operative 
position of the electromagnetic valve 22a, either the 
suspension in the tank 29 or the cleansing liquid in 
the vessel 32 can be supplied to the particle ana- 
lyzer through the electromagnetic valve 22a. 

It is to be noted that, in the foregoing descrip- 
tion of each of the first and second embodiments 
made with reference to Fig. 1 to Fig. 3, the cleans- 
ing passage 7 has been described and shown as 
communicated with the upstream passage 2, it 
may be communicated with the downstream pas- 
sage 3. It has, however, been found that, .if the 
cleansing passage 7 is communicated with either 
the upstream passage 2 or the downstream pas- 
sage 3 at a location upstream of the associated 
electrode 4 or 5 with respect to the direction of 
flow of the suspension, the cleansing efficiency can 
be increased. 



(Embodiment II!) 

A third' preferred embodiment of the particle 
analyzer according to the present invention is 
shown in Fig. 5 and generally identified by 1 3C. * 

The particle analyzer 13C comprises a solid 
block having defined therein a generally elongated 
constricted passage 1 for the passage of fine par- 
ticles in suspension therethrough for separation, 
said constricted passage 1 having its opposite end 
communicated respectively with upstream and 
downstream passages 2 and 3, and a cleansing 
passage 7 having one end communicated to a 
source of cleansing liquid and the other commu- 
nicated with the downstream passage 3 adjacent 
the constricted passage 2. The solid block also has 
an upstream reservoir 1 1 and a downstream reser- 
voir 12 defined therein and positioned exteriorly of 
the upstream and downstream passages 2 and 3, 



respectively. The upstream reservoir 11 and the 
upstream passage 2 are partitioned by a porous 9 
having fine pores of a size effective to pass ions 
therethrough, but to block vapor bubbles compara- 
s ble in size to the fine particles to be passed 
through the constricted passage 1, so that the 
suspension can freely flow between the upstream 
reservoir 11 and the upstream passage 2. Similarly, 
the downstream reservoir 12 and the downstream 
io passage 3 are partitioned by a porous glass 9 
having fine pores of a size effective to pass ions 
therethrough, but to block vapor bubbles compara- 
ble in size to the fine particles to be passed 
through the constricted passage 1, so that the 

is suspension can freely flow between the down- 
stream reservoir 12 and the downstream passage 
3. The upstream and downstream electrodes 4 and 
5 are accommodated within the upper and lower 
reservoirs 11 and 12, respectively, so as to con- 

20 front with each other. 

The upstream reservoir 11 is opened at 11a to 
the outside for the discharge of hydrogen gas 
bubbles which will be produced as a result of 
hydrolysis which takes place when an electric cur- 

25 rent is supplied across the upstream electrodes 4 
while the suspension remains within the upstream 
passage 2. Similarly, the downstream reservoir 12 
is opened at 12a to the outside for the discharge of 
hydrogen gas bubbles which will be produced as a 

30 result of hydrolysis which takes place when an 
electric current is supplied across the downstream 
electrodes 4 while the suspension remains within 
the downstream passage 3. 

As hereinbefore described in connection with 

35 the foregoing embodiments, the upstream and 
downstream electrodes 4 and 5 are connected with 
the sensor 25 for the detection of the fine particles 
contained in the suspension and being isolated 
during the flow thereof through the constricted pas- 

40 sage 1 . 

Where the particle analyzing system is assem- 
bled by the use of the particle analyzer 13C of the 
construction shown in and described with reference 
to Fig. 5, either the fluid circuit shown in Fig. 2 or 

4$ the fluid circuit shown in Fig. 4 may be employed. 

The particle analyzer of the construction shown 
in and described with reference to Fig. 5 makes 
use of members, such as the porous glasses, hav- 
ing micropores which, when bubbles are produced 

so as a result of generation of hydrogen gas incident 
to the hydrolysis of water which takes place when 
the electric current is supplied across the elec- 
trodes, permit the passage of ions, but block the 
passage of the bubbles. Therefore, any possible 

55 error in detection which would result from distur- 
bance by the bubbles can be effectively avoided to 
accomplish an accurate separation of the fine par- 
ticles contained in the suspension. 
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In addition, as is the case with any one of the 
foregoing embodiments, the supply of the cleans- 
ing liquid through the cleansing passage 7 makes it 
possible to purge the particles remaining inside the 
passage in the particle analyzer, which feature 
compounds to the capability of more accurate sep- 
aration of the fine particles in the suspension. 



(Embodiment IV) 

The particle analyzer according to this embodi- 
ment is generally identified by 13D in Figs. 6(a) to 
6(c). The particle analyzer 13A comprises a solid 
block having defined therein a generally elongated 
constricted passage 1 for the passage of fine par- 
ticles in suspension therethrough for separation, 
said constricted passage 1 having its opposite end 
communicated respectively with upstream and 
downstream passages 2 and 3; a cleansing pas- 
sage? having one end communicated to a source 
of cleansing liquid and the other communicated 
with the downstream passage 3 adjacent the con- 
stricted passage 2; and a diluting liquid passage 
17. 

Where the particle analyzer 13D of the con- 
struction shown in Fig. 6 is used in a particle 
analyzing system, the particle analyzing system is 
so designed and so assembled as shown in Fig. 7. 

Referring now to Fig. 7, the particle analyzing 
system shown therein is substantially identical with 
that shown in and described with reference to Fig. 
2 except that a diluting liquid supply passage 21-4 
having an electromagnetic valve 27 disposed there- 
on is communicated with a diluting liquid tank 35 
through a rotary pump 34 as shown. 

In operation, when the particles in the suspen- 
sion are desired to be detected with the particle 
analyzing system 37, the electromagnetic valve 22 
is opened and, on the other hand, the pump 28 is 
operated to apply a gas pressure to the suspension 
30 within the tank 29. The application of the gas 
pressure thus causes the suspension 30 to flow 
towards the particle analyzer 13A .through the sup- 
ply piping 21-1 and then towards the collecting 
vessel 36 through the discharge piping 21-2 after 
having passed through the constricted passage 1 in 
the particle analyzer 13A. At this time, the elec- 
tromagnetic valves 23 and 24 are closed. 

As the particles contained in the suspension 
pass through the constricted passage 1 , the sensor 
25 detects the change in impedance, thereby to 
detect the number of the particles per volume of 
the suspension in reference to time and the flow of 
the suspension. 

Where the number of the particles per volume 
detected is great, the electromagnetic valve 27 is 
opened to allow the diluting liquid within the vessel 



35 to be pumped by the rotary pump 34 so as to 
flow into the upstream passage 2 through the dilut- 
ing liquid passage 8 and then through the con- 
stricted passage 1. Consequent upon this, the sus- 

5 pension then flowing through the constricted pas- 
sage 1 can be diluted so as to adjust the density of 
the particles in the suspension to a proper value. 

When the sensor 25 detects the change in 
impedance induced by the flow of the diluted sus- 

io pension through the constricted passage 1 and 
subsequently generates a detection output signal 
which is in turn applied to the controller 26. In 
response to the output signal from the sensor 25, 
the controller 26 issues disabling commands to the 

rs electromagnetic valves 22, 23 and 24, respectively, 
thereby to interrupt the supply of the diluted sus- 
pension. 

However, when the electromagnetic valves 22 
and 23 are opened while the electromagnetic 

20 valves 22, 23 and 24 remain closed, the rotary 
pump 31 is operated to cause the cleansing liquid 
33 to be supplied from the liquid vessel 32 towards 
the particle analyzer 13A through the electromag- 
netic valve 24 by way of the liquid piping 21-3 and, 

25 then, through the cleansing passage 7 into the 
downstream passage 3 while purging into the col- 
lecting vessel 36 the fine particles which have 
passed through the constricted passage 1. Where 
the fine particles are desired to be individually 

30 collected each in one vessel, a row of vessels 36 
should be conveyed to a position immediately be- 
low the discharge piping 21-2 and, for this purpose, 
a conveyor carrying the vessels 36 may be con- 
trolled In dependence on the output signal gen- 

35 erated from the sensor 25. 

In the embodiment shown in Figs. 6 and 7, the 
use is made of the cleansing passage 7 commu- 
nicated with the downstream passage 3 imme- 
diately below the constricted passage 1 so that the 

40 fine particles having passed through the constricted 
passage 1 can be fldshed out by the cleansing 
liquid supplied through the cleansing passage 7, 
thereby to accomplish the separation of the individ- 
ual fine particles accurately. Where the accuracy of 

45 the separation of the individual fine particles is not 
required so much, such a particle analyzer as 
shown by 13E in Fig. 8 may be employed wherein 
the constricted passage 1 is formed in a duct for 
the flow of the suspension therethrough and the 

so upstream and downstream electrodes 4 and 5 are 
disposed on upstream and downstream sides of 
the constricted passage 1 with the cleansing pas- 
sage 7 communicated with the upstream side. 

55 
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(Embodiment V) 

Where the particle analy2er of the construction 
shown in and described with reference to Fig. 6 is 
used and where there is a possibility that bubbles 
of hydrogen gas produced as a result of hydrolysis 
of water which takes place when an electric current 
is supplied across the upstream and downstream 
electrodes 4 and 5 may be erroneously taken as 
the fine particles to be detected, the particle ana- 
lyzer of a construction shown in Fig. 9 may be 
employed. The particle analyzer identified by 13F 
in Fig. 9 is substantially identical in construction 
and operation with that shown in and described 
with reference to Fig. 5 except that the diluting 
liquid passage 8 is communicated with the up- 
stream passage 2 as shown in Fig. 9. 

Although the present invention has fully been 
described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications are apparent to those skilled in the 
art. Such changes and modifications are to be 
understood as included within the scope of the 
present invention unless they depart therefrom. 



Claims 

1 . A particle analyzer which comprises: 

a constricted passage means for the passage 
of fine particles contained in a suspension thereth- 
rough for isolation; 

upstream and downstream passage means 
communicated with the constricted passage means 
and positioned on upstream and downstream sides 
of the constricted passage means with respect to 
the direction of flow of the suspension; 

a detecting means including upstream and 
downstream electrodes disposed in the upstream 
and downstream passage means, respectively, so 
as to confront with each other for detecting the fine 
particles being passed through the constricted pas- 
sage means; and 

a cleansing passage means communicated 
with either one of the upstream and downstream 
passage means for the supply of a cleansing liquid. 

2. A particle analyzing system which com- 
« prises: 

a particle analyzer comprising a constricted 
passage means for the passage of fine particles 
, contained in a suspension therethrough for isola- 

tion, upstream and downstream passage means 
communicated with the constricted passage means 
and positioned on upstream and downstream sides 
of the constricted passage means with respect to 
the direction of flow of the suspension, a detecting 
means including upstream and downstream elec- 



trodes disposed in the upstream and downstream 
passage means, respectively, so as to confront 
with each other for detecting the fine particles 
being passed through the constricted passage 
5 means, and a cleansing passage means commu- 
nicated with either one of the upstream and down- 
stream passage means for the supply of a cleans- 
ing liquid; 

a container for accommodating the suspension 
10 and communicated with the upstream passage, 
said suspension being supplied to the particle ana- 
lyzer by means of a valving operation; 

a discharge piping leading from the down- 
stream passage means to a discharge port and 
is having a valve disposed thereon for controlling the 
discharge of the suspension which has flowed 
through the constricted passage means; 

a cleansing liquid supply piping extending 
from a source of the cleansing liquid to the cieans- 
zo ing passage means and having a valve disposed 
thereon for controlling the supply of the cleansing 
liquid; and 

a sensor included in the detecting means for 
detecting the change in impedance between the 
25 upstream and downstream electrodes. 

3. A particle analyzer which comprises: 

a constricted passage means for the passage 
of fine particles contained in a suspension thereth- 
rough for isolation; 

30 upstream and downstream passage means 

communicated with the constricted passage means 
and positioned on upstream and downstream sides 
of the constricted passage means with respect to 
the direction of flow of the suspension; 

55 a detecting means including upstream and 

downstream electrodes disposed in the upstream 
and downstream passage means, respectively, for 
detecting the fine particles being passed through 
the constricted passage means, said upstream 

40 electrodes being positioned on respective sides of 
the constricted passage means with a first porous 
member intervening therebetween, said down- 
stream electrodes being positioned on respective 
sides of the constricted passage means with a 

4$ second porous member intervening therebetween, 
each of said first and second porous members 
having micropores effective to pass ions thereth- 
rough, but to block particles of a size comparable 
to the fine particles; and 

50 a cleansing passage means communicated 

with either one of the upstream and downstream 
passage means for the supply of a cleansing liquid. 

4. A particle analyzing system which com- 
prises: 

55 a particle analyzer comprising a constricted 

passage means for the passage of fine particles 
contained in a suspension therethrough for isola- 
tion, upstream and downstream passage means 
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communicated with the constricted passage means 
and positioned on upstream and downstream sides 
of the constricted passage means with respect to 
the direction of flow of the suspension, a detecting 
means inciuding upstream and downstream elec- 
trodes disposed in the upstream and downstream 
passage means, respectively, for detecting the fine 
particles being passed through the constricted pas- 
sage means, said upstream electrodes being posi- 
tioned, on respective sides of the constricted pas- 
sage means with a first porous member intervening 
therebetween, said downstream electrodes being 
positioned on respective sides of the constricted 
passage means with a second porous member 
intervening therebetween, each of said first and 
second porous members having micropores effec- 
tive to pass ions therethrough, but to block par- 
ticles of a size comparable to the fine particles, and 
a cleansing passage means communicated with 
either one of the upstream and downstream pas- 
sage means for the supply of a cleansing liquid; 

a container for accommodating the suspension 
and communicated with the upstream passage, 
said suspension being supplied to the particle ana- 
lyzer by means of a valving operation; 

a discharge piping leading from the down- 
stream passage means to a discharge port and 
having a valve disposed thereon for controlling the 
discharge of the suspension which has flowed 
through the constricted passage means; 

a cleansing liquid supply piping extending 
from a source of the cleansing liquid to the cleans- 
ing passage means and having a valve disposed 
thereon for controlling the supply of the cleansing 
liquid; and 

a sensor included in the detecting means for 
detecting the change in impedance between the 
upstream and downstream electrodes. 
5. A particle analyzer which comprises: 
a constricted passage means for the passage 
of fine particles contained in a suspension thereth- 
rough for isolation; 

upstream and downstream passage means 
communicated with the constricted passage means 
and positioned on upstream and downstream sides 
of the constricted passage means with respect to 
the direction of flow of the suspension; 

a detecting means including upstream and 
downstream electrodes disposed in the upstream 
and downstream passage means, respectively, so 
as to confront with each other for detecting the fine 
partides being passed through the constricted pas- 
sage means; and 

a diluting liquid passage means communicated 
with the upstream passage means for the supply of 
a diluting liquid. 



6. A particle analyzing system which com- 
prises: 

a particle analyzer comprising a constricted 
passage means for the passage of fine particles 
5 contained in a suspension therethrough for isola- 
tion, upstream and downstream passage means 
communicated with the constricted passage means 
and positioned on upstream and downstream sides 
of the constricted passage means with respect to 
70 the direction of flow of the suspension, a detecting 
means including upstream and downstream elec- 
trodes disposed in the upstream and downstream 
passage means, respectively, so as to confront 
with each other for detecting the fine particles 
75 being passed through the constricted passage 
means, and a diluting liquid passage means com- 
municated with the upstream passage means for 
the supply of a diluting liquid; 

a container for accommodating the suspension 
20 and communicated with the upstream passage, 
said suspension being supplied to the particle ana- 
lyzer by means of a valving operation; 

a discharge piping leading from the down- 
stream passage means to a discharge port and 
25 having a valve disposed thereon for controlling the 
discharge of the suspension which has flowed 
through the constricted passage means; 

a diluting liquid supply piping extending from a 
source of the diluting liquid to the diluting liquid 
30 passage means and having a valve disposed there- 
on for controlling the flow of the diluting liquid; and 
a sensor included in the detecting means for 
detecting the change in impedance between the 
upstream and downstream electrodes. 
35 7. A particle analyzer which comprises: 

a constricted passage means for the passage 
of fine particles contained in a suspension thereth- 
rough for isolation; 

upstream and downstream passage means 
40 communicated with the constricted passage means 
and positioned on upstream and downstream sides 
of the constricted passage means with respect to 
the direction of flow of the suspension; 

a diluting liquid passage means communicated 
45 with the upstream passage means for the supply of 
a diluting liquid; 

a detecting means including upstream and 
downstream electrodes disposed in the upstream 
and downstream passage means, respectively, so 
so as to confront with each other for detecting the fine 
particles being passed through the constricted pas- 
sage means; and 

a cleansing passage means communicated 
with either one of the upstream and downstream 
55 passage means for the supply of a cleansing liquid. 

8. A particle analyzing system which com- 
prises: 

a particle analyzer comprising a constricted 
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passage means for the passage of fine particles 
contained in a suspension therethrough for isola- 
tion, upstream and downstream passage means 
communicated with the constricted passage means 
and positioned on upstream and downstream sides 
of the constricted passage means with respect to 
the direction of flow of the suspension, a diluting 
liquid passage means communicated with the up- 
stream passage means for the supply of a diluting 
liquid, a detecting means including upstream and 
downstream electrodes disposed in the upstream 
and downstream passage means, respectively, so 
as to confront with each other for detecting the fine 
particles being passed through the constricted pas- 
sage means, and a cleansing passage means com- 
municated with either one of the upstream and 
downstream passage means for the supply of a 
cleansing liquid; 

a container for accommodating the suspension 
and communicated with the upstream passage, 
said suspension being supplied to the particle ana- 
lyzer by means of a valving operation; 

a discharge piping leading from the down- 
stream passage means to a discharge port and 
having a valve disposed thereon for controlling the 
discharge of the suspension which has flowed 
through the constricted passage means; 

a diluting liquid supply piping extending from a 
source of diluting liquid to the upstream passage 
means and having a valve disposed thereon for 
controlling the flow of the diluting liquid from the 
source of diluting liquid to the upstream passage 
means; 

a cleansing liquid supply piping extending 
from a source of the cleansing liquid to the cleans- 
ing passage means and having a valve disposed 
thereon for controlling the supply of the cleansing 
liquid; and 

a sensor included in the detecting means for 
detecting the change in impedance between the 
upstream and downstream electrodes. 
9. A particle analyzer which comprises: 
a constricted passage means for the passage 
of fine particles contained in a suspension thereth- 
rough for isolation; 

upstream and downstream passage means 
communicated with the constricted passage means 
and positioned on upstream and downstream sides 
of the constricted passage means with respect to 
the direction of flow of the suspension; 

a detecting means including upstream and 
downstream electrodes disposed in the upstream 
and downstream passage means, respectively, for 
detecting the fine particles being passed through 
the constricted passage means, said upstream 
electrodes being positioned on respective sides of 
the constricted passage means with a first porous 
member intervening therebetween, said down- 



stream electrodes being positioned on respective 
sides of the constricted passage means with a 
second porous member intervening therebetween, 
each of said first and second porous members 

5 having micropores effective to pass ions thereth- 
rough, but to block particles of a size comparable 
to the fine particles; 

a diluting liquid passage means communicated 
with the upstream passage means for the supply of 

io a diluting liquid therethrough; and 

a cleansing passage means communicated 
with either one of the upstream and downstream 
passage means for the supply of a cleansing liquid. 
10. A particle analyzing system which com- 

15 prises: 

a particle analyzer comprising a constricted 
passage means for the passage of fine particles 
contained in a suspension therethrough for isola- 
tion, upstream and downstream passage means 

20 communicated with the constricted passage means 
and positioned on upstream and downstream sides 
of the constricted passage means with respect to 
the direction of flow of the suspension, a detecting 
means including upstream and downstream elec- 

25 trodes disposed in the upstream and downstream 
passage means, respectively, for detecting the fine 
particles being passed through the constricted pas- 
sage means, said upstream electrodes being posi- 
tioned on respective sides of the constricted pas- 

30 sage means with a first porous member intervening 
therebetween, said downstream electrodes being 
positioned on respective sides of the constricted 
passage means with a second porous member 
intervening therebetween, each of said first and 

35 second porous members having micropores effec- 
tive to pass ions therethrough, but to block par- 
ticles of a size comparable to the fine particles, a 
diluting liquid passage means communicated with 
the upstream passage means for the supply of a 

40 diluting liquid; and a cleansing passage means 
communicated with either one of the upstream and 
downstream passage means for the supply of a 
cleansing liquid; 

a container for accommodating the suspension 

45 and communicated with the upstream passage, 
said suspension being supplied to the particle ana- 
lyzer by means of a valving operation; 

a discharge piping leading from the down- 
stream passage means to a discharge port and 

so having a valve disposed thereon for controlling the 
discharge of the suspension which has flowed 
through the constricted passage means; 

a diluting liquid supply piping extending from a 
source of diluting liquid to the upstream passage 

55 means and having a valve disposed thereon for 
controlling the flow of the diluting liquid towards the 
diluting liquid passage means; 

a cleansing liquid supply piping extending 



MSDOCID: <EP 02754O9A2_!_> 



17 



0 275 409 



18 



from a source of the cleansing liquid to the cleans- 
ing passage means and having a valve disposed 
thereon for controlling 40 the supply of the cleans- 
ing liquid; and 

a sensor included in the detecting means for s 
detecting the change in impedance between the 
upstream and downstream electrodes. 
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© Particle analyzer and a system utilizing the same. 

© A particle analyzer which comprises a constrict- 
ed passage for the passage of fine particles con- 
tained in a suspension therethrough for isolation, 
upstream and downstream passages communicated 
with the constricted passage and positioned on up- 
stream and downstream sides of the constricted 
passage with respect to the direction of flow of the 
3 SuS Pension, a detector including upstream and 
^downstream electrodes disposed in the upstream 
gand downstream passages, respectively, so as to 
w confront with each other for detecting the fine par- 
ticles being passed through the constricted passage, 
Wand a cleansing passage communicated with either 
Kone of the upstream and downstream passages for 
the supply of a cleansing liquid. 
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